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data acquisition unit (110), a replay target selection unit
(120), a video creation unit (160), and a display window
creation unit (180). The data acquisition unit (110) ac-
quires version control information (31) including: a model
having information of a subsystem; and a revision history
of the model. The replay target selection unit (120)

and extracts a revision history corresponding to the sub-
system from the version control information (31). The
video creation unit (160) creates a video that replays a
history of revision of the subsystem on a basis of the
revision history corresponding to the subsystem. The
display window creation unit (180) displays the video.
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Description
Technical Field

[0001] The present disclosure relates to a revision
history replay device, a revision history replay method,
and a revision history replay program. Particularly, the
present disclosure relates to a revision history replay
device, a revision history replay method, and a revision
history replay program which replay a revision history ofa
model in model-based development.

Background Art

[0002] In recent product development, as processors
become more sophisticated and products become more
complex, engineering for improving safety and perfor-
mance of the products is becoming more complex. In
order to accomplish this complex engineering, a devel-
opment technique called model-based development
which uses a model is employed. Here, a model refers
to a model used in SysML which is a system modeling
language, or a block diagram used in fields such as circuit
design. Note that SysML stands for Systems Modeling
Language.

[0003] In the model-based development described
above, at the design stage of a general product devel-
opment technique, document-based design is not per-
formed but model-based design is performed. Therefore,
communication via models occurs between engineers
who specialize in hardware and engineers who specia-
lize in software.

[0004] In this communication via models, a person
other than a designer of a model does not have sufficient
knowledge of the model. Accordingly, it is difficult for the
person other than the designer to recognize what per-
spective the model was designed and verified from.
Further,inamodel design process, the model is designed
in detail step by step. For this reason, it is difficult for the
person other than the designer to understand the inten-
tion of the design when he or she looks at a design-
completed model and follows the flow of detailed design-
ing in a reverse order. Hence, it is difficult for the person
other than the designer to acquire know-how on his or her
own.

[0005] Concerningablock diagram having a plurality of
subsystems, a block diagram management device is
available which facilitates recognition of difference infor-
mation between before and after alteration. With this
block diagram management device, a technique is dis-
closed which generates difference information from sub-
systems in each layer, color-codes all the difference
information, synthesizes the color-coded difference in-
formation, and displays the synthesis result.

[0006] However, this block diagram management de-
vice only displays a difference produced by a single
alteration of the block diagram by comparing "before
change" and "after change". Also, when a person other
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than the designer tries to read a revision history of a
model, it is not apparent which time series to follow.
Therefore, it is difficult for the person other than the
designer to get a bird’s-eye view of how the model has
been altered.

[0007] Patent Literature 1 discloses a model manage-
ment device which can grasp alteration contents of a
model in model-based development without using a
dedicated development tool.

Citation List
Patent Literature

[0008] Patent Literature 1: JP 2018-173822 A

Summary of Invention
Technical Problem

[0009] The management device disclosed in Patent
Literature 1 displays alteration contents of a model by
comparing a model before alteration with a model after
alteration. This is how the management device of Patent
Literature 1 supports nonspecialist developers in under-
standing the alteration contents of the model. However,
there is a problem that the management device only
displays the alteration contents and cannot facilitate
understanding of the intention of alteration.

[0010] The present disclosure has as its objective to
facilitate understanding of a designer’s intention in a
model alteration by using a model revision history.

Solution to Problem

[0011] Arevision history replay device according to the
present disclosure includes:

a data acquisition unit to acquire version control
information including: a model having information
of a subsystem; and a revision history of the model;
areplay target selection unit to cause a subsystem to
be selected from the model, and to extract a revision
history corresponding to the subsystem from the
version control information;

a video creation unit to create a video that replays a
history of revision of the subsystem on a basis of the
revision history corresponding to the subsystem; and
a display window creation unit to display the video.

Advantageous Effects of Invention

[0012] Arevision history replay device according to the
present disclosure displays a video that replays a history
of revision of a subsystem selected by a user. Therefore,
the revision history replay device according to the pre-
sent disclosure achieves an effect of enabling the user to
easily understand an intension of an alteration made to a
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model by a designer.
Brief Description of Drawings
[0013]

Fig. 1 is a diagram illustrating a configuration exam-
ple of a revision history replay device according to
Embodiment 1.

Fig. 2 is a flowchart illustrating a process of the
revision history replay device according to Embodi-
ment 1.

Fig. 3 is a diagram illustrating a model display ex-
ample according to Embodiment 1.

Fig. 4 is a diagram illustrating a display example of
model version control information according to Em-
bodiment 1.

Fig. 5 is a diagram illustrating a configuration exam-
ple of model alteration pattern information according
to Embodiment 1.

Fig. 6 is a diagram illustrating a display example of
alteration category information by an alteration ca-
tegory estimation process according to Embodiment
1.

Fig. 7 is a diagram illustrating an example under a
particular condition where a replay path estimation
unit according to Embodiment 1 estimates a replay
path with using replay path pattern information.
Fig.8isadiagramillustrating another example under
the particular condition where the replay path esti-
mation unit according to Embodiment 1 estimates a
replay path with using the replay path pattern infor-
mation.

Fig. 9is adiagramillustrating a display example of an
alteration path estimation process according to Em-
bodiment 1.

Fig. 10is adiagramillustrating adisplay example ata
display unit according to Embodiment 1.

Fig. 11 is a diagram illustrating a configuration of a
revision history replay device according to a mod-
ification of Embodiment 1.

Description of Embodiments

[0014] A present embodiment will be described below
with referring to drawings. In the drawings, the same or
equivalent portions are denoted by the same reference
sign. In the embodiment, description of the same or
equivalent portions will be arbitrarily omitted or simplified.
Arrows in the drawings mainly express data flows or
process flows.

Embodiment 1.

*** Description of Configurations

[0015] Fig. 1 is a diagram illustrating a configuration
example of a revision history replay device 100 according
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to the present embodiment.

[0016] The revision history replay device 100 is a
computer. The revision history replay device 100 is pro-
vided with a processor 910 as well as other hardware
devices such as a memory 921, an auxiliary storage
device 922, an input interface 930, an output interface
940, and a communication device 950. The processor
910 is connected to the other hardware devices via a
signal line and controls the other hardware devices.
[0017] The revision history replay device 100 is pro-
vided with a data acquisition unit 110, a replay target
selection unit 120, an alteration category estimation unit
130, a replay path estimation unit 140, a replay path
selection unit 150, a video creation unit 160, a video
player unit 170, a display window creation unit 180,
and a storage unit 190, as function elements. Version
control information 31, model alteration pattern informa-
tion 32, and replay path pattern information 33 are stored
in the storage unit 190.

[0018] Functions of the data acquisition unit 110, re-
play target selection unit 120, alteration category estima-
tion unit 130, replay path estimation unit 140, replay path
selection unit 150, video creation unit 160, video player
unit 170, and display window creation unit 180 are im-
plemented by software. The storage unit 190 is provided
tothe memory 921. Note that the storage unit 190 may be
provided to the auxiliary storage device 922, or to the
memory 921 and the auxiliary storage device 922 by
distribution.

[0019] The processor 910 is a device that runs a revi-
sion history replay program. The revision history replay
programis a program thatimplements the functions of the
data acquisition unit 110, replay target selection unit 120,
alteration category estimation unit 130, replay path esti-
mation unit 140, replay path selection unit 150, video
creation unit 160, video player unit 170, and display
window creation unit 180.

[0020] The processor 910 is an IC that performs com-
putation processing. Specific examples of the processor
910are a CPU, aDSP, and a GPU. Note that IC stands for
Integrated Circuit, CPU for Central Processing Unit, DSP
for Digital Signal Processor, and GPU for Graphics Pro-
cessing Unit.

[0021] The memory 921 is a storage device that stores
datatemporarily. A specific example of the memory 921 is
an SRM or a DRAM. Note that SRAM stands for Static
Random-Access Memory, and DRAM for Dynamic Ran-
dom-Access Memory.

[0022] The auxiliary storage device 922 is a storage
device that keeps data. A specific example of the auxiliary
storage device 922 is an HDD. The auxiliary storage
device 922 may be a portable storage medium such as
an SD (registered trademark) memory card, a CF, a
NAND flash, a flexible disk, an optical disk, a compact
disk, a Blu-ray (registered trademark) disc, and a DVD.
Note that HDD stands for Hard Disk Drive, SD (registered
trademark) for Secure Digital, CF for CompactFlash (re-
gistered trademark), and DVD for Digital Versatile Disk.
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[0023] Theinputinterface 930is a portto be connected
to an input device such as a mouse, a keyboard, and a
touch panel. The input device is, for example, a manip-
ulation unit 41. The input interface 930 is specifically a
USB terminal. Note that the input interface 930 may be a
port to be connected to a LAN. Note that USB stands for
Universal Serial Bus, and LAN for Local Area Network. In
Fig. 1, as the input interface 930, only one is illustrated,
but there may be a plurality of input interfaces 930.
[0024] The output interface 940 is a port to which a
cable of an output apparatus such as a display is to be
connected. The output apparatus is, for example, a dis-
play unit 42. The output interface 940 is specifically a
USB terminal or an HDMI (registered trademark) term-
inal. The display is specifically an LCD. The output inter-
face 940 is also called display unit interface. Note that
HDMI (registered trademark) stands for High-Definition
Multimedia Interface, and LCD for Liquid Crystal Display.
In Fig. 1, as the output interface 940, only one is illu-
strated, but there may be a plurality of output interfaces
940.

[0025] The communication device 950 has a receiver
and a transmitter. The communication device 950 is
connected to a communication network such as a
LAN, the Internet, and a telephone line. The communica-
tion device 950 is specifically a communication chip or an
NIC. The communication device 950 may have arole of a
communication network that acquires information in a
wireless manner. Note that NIC stands for Network Inter-
face Card.

[0026] The revision history replay program runs in the
revision history replay device 100. The revision history
replay program is read by the processor 910 and run by
the processor 910. Not only the revision history replay
program butalso an OS is stored in the memory 921. Note
that OS stands for Operating System. The processor 910
runs the revision history replay program while running the
OS. The revision history replay program and the OS may
be stored in the auxiliary storage device 922. The revision
history replay program and the OS which are stored in the
auxiliary storage device 922 are loaded to the memory
921 and run by the processor 910. The revision history
replay program may be incorporated in the OS partly or
entirely.

[0027] The revision history replay device 100 may be
provided with a plurality of processors that substitute for
the processor 910. The plurality of processors share
running of the revision history replay program. Each
processor is a device that runs the revision history replay
program just as the processor 910 does.

[0028] Data, information, signal values, and variable
values which are used, processed, or outputted by the
revision history replay program are stored in the memory
921, the auxiliary storage device 922, or a register or
cache memory in the processor 910.

[0029] The word "unit" in each of the terms: data ac-
quisition unit 110; replay target selection unit 120; altera-
tion category estimation unit 130; replay path estimation
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unit 140; replay path selection unit 150; video creation
unit 160; video player unit 170; and display window
creation unit 180, may be replaced by "circuit", "stage",
"procedure", "process", or "circuitry". The revision history
replay program causes the computer to execute a data
acquisition process, a replay target selection process, an
alteration category estimation process, a replay path
estimation process, a replay path selection process, a
video creation process, a video player process, and a
display window creation process. The word "process" in
each of the terms: data acquisition process; replay target
selection process; alteration category estimation pro-
cess; replay path estimation process; replay path selec-
tion process; video creation process; video player pro-
cess; and display window creation process, may be
replaced by "program", "program product", "program-
stored computer readable storage medium", or "pro-
gram-recorded computer readable recording medium".
A revision history replay method is a method that is
carried out by the revision history replay device 100
running the revision history replay program.

[0030] The revision history replay program may be
stored in a computer readable recording medium and
presented. Alternatively, the revision history replay pro-
gram may be presented in the form of a program product.

*kk

*** Description of Functions

[0031] Each function element, each information, and
functions of the input and output devices will now be
described.

[0032] Each function element is provided with a soft-
ware module that implements a function to be described
below.

[0033] For example, a following description "the data
acquisition unit 110 acquires version control information
31 of amodel" signifies that "the data acquisition unit 110
is provided with a software module that acquires version
control information 31 of a model".

[0034] The data acquisition unit 110 acquires version
control information 31 of a model. The model has a
subsystem. The version control information 31 of the
model includes the model and a revision history of the
model.

[0035] For example, the data acquisition unit 110 ac-
quires the version control information 31 of the model
from an external repository 40. The data acquisition unit
110 outputs the version control information 31 of the
model to the display window creation unit 180.

[0036] The replay target selection unit 120 effects se-
lection of a subsystem from the model and extracts a
revision history corresponding to the subsystem from the
version control information 31. The revision history cor-
responding to the subsystem is a history of revision in the
subsystem. Each alteration in the subsystem is also
called a commit.

[0037] The replay target selection unit 120 accepts
from the manipulation unit 41 a system selected by the
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user out of the model. Also, the replay target selection
unit 120 extracts from the model version control informa-
tion 31 arevision history corresponding to the subsystem
accepted from the manipulation unit 41. In addition, the
replay target selection unit 120 outputs to the alteration
category estimation unit 130 the extracted revision his-
tory corresponding to the subsystem.

[0038] The alteration category estimation unit 130
classifies the revision history corresponding to the sub-
systeminto a category according to an alteration content,
and outputs the category-classified revision history cor-
responding to the subsystem as alteration category in-
formation.

[0039] The alteration category estimation unit 130 ac-
quires, from the model alteration pattern information 32,
data for classifying by category the revision history cor-
responding to the subsystem. Then, the alteration cate-
gory estimation unit 130 classifies the revision history
corresponding to the subsystem with referring to the data
acquired from the model alteration pattern information
32. Furthermore, the alteration category estimation unit
130 outputs the alteration category information obtained
by the classification to the display window creation unit
180. In addition, the alteration category estimation unit
130 outputs the revision history corresponding to the
subsystem, and the alteration category information, to
the replay path estimation unit 140.

[0040] The replay path estimation unit 140 estimates a
replay path per category on a basis of the revision history
corresponding to the subsystem and on a basis of the
alteration category information, and outputs replay path
information obtained by the estimation.

[0041] The replay path estimation unit 140 acquires,
from the replay path pattern information 33, data for
deriving a replay path of a video. The replay path estima-
tion unit 140 also estimates the replay path with referring
to the revision history corresponding to the subsystem
and accepted from the alteration category estimation unit
130, the alteration category information accepted from
the alteration category estimation unit 130, and the data
acquired from the replay path pattern information 33.
Furthermore, the replay path estimation unit 140 outputs
the replay path information obtained by the estimation to
the display window creation unit 180. In addition, the
replay path estimation unit 140 outputs the revision his-
tory corresponding to the subsystem, the alteration ca-
tegory information, and the replay path information, to the
replay path selection unit 150.

[0042] The replay path selection unit 150 causes a
replay path for replaying the history of revision of the
subsystem, to be selected on a basis of the revision
history corresponding to the subsystem. Specifically,
the replay path selection unit 150 causes the user to
select the replay path for replaying the history of revision
of the subsystem, from the replay path information.
[0043] The replay path selection unit 150 accepts from
the manipulation unit 41 the replay path selected by the
user from the replay path information. The replay path
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selection unit 150 also outputs the accepted replay path
to the display window creation unit 180. Furthermore, the
replay path selection unit 150 extracts, from the revision
history corresponding to the subsystem, a revision his-
toryincluded in a section of the accepted replay path, as a
replay path revision history. In addition, the replay path
selection unit 150 outputs the extracted replay path revi-
sion history, the alteration category information, and the
accepted replay path to the video creation unit 160.
[0044] The video creation unit 160 creates a video that
replays the history of revision of the subsystem on a basis
of the revision history corresponding to the subsystem.
Specifically, the video creation unit 160 creates the video
thatreplays the history of revision of the subsystem along
the replay path. In the following, an alteration may be
called a commit.

[0045] The video creation unit 160 extracts alterationin
parameters and diagrams in each commit with referring
to the accepted replay path revision history, and creates
revision history window information of each commit. The
video creation unit 160 also creates a video with referring
to the revision history window information of each com-
mit. Furthermore, the video creation unit 160 creates a
seek bar with referring to the accepted alteration cate-
gory information and the replay path. In addition, the
video creation unit 160 outputs the created video and
seek barto the video player unit 170. In addition, the video
creation unit 160 extracts an action, an action log, and an
action resultimage which are included in the replay path
revision history, with referring to the replay path revision
history and the alteration category information. The ac-
tion mentioned here is extracted with referring to logs
such as execution of a simulation, code generation, and
test generation creation which are included in the replay
path revision history.

[0046] The video playerunit170 manipulates the video
created by the video creation unit 160.

[0047] The video player unit 170 replays and stops the
accepted video. The video player unit 170 also executes
an operation selected in the manipulation unit 41 by the
user, and outputs operation information of that time to the
display window creation unit 180. A specific operation
selected by the user is replaying and stopping the video,
or manipulating the seek bar. In response to the seek bar
manipulation, window information to be outputted to the
display window creation unit 180 changes.

[0048] The display window creation unit 180 displays
the video to the display unit 42.

[0049] The display window creation unit 180 outputs a
window of the model version control information 31 ac-
cepted from the data acquisition unit 110 to the display
unit42. The display window creation unit 180 also synthe-
sizes the alteration category information accepted from
the alteration category estimation unit 130 with the model
version control information 31 by color coding, and out-
puts a window of the synthesis result to the display unit
42. In addition, the display window creation unit 180
synthesizes the replay path information accepted from
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the replay path estimation unit 140 with the model version
control information 31 by color coding, and outputs a
window of the synthesis result to the display unit 42. In
addition, the display window creation unit 180 synthe-
sizes the replay path accepted from the replay path
selection unit 150 with the model version control informa-
tion 31 by color coding, and outputs a window of the
synthesis result to the display unit 42. In addition, the
display window creation unit 180 outputs window infor-
mation that matches the operation to the display unit 42
with referring to the operation information accepted from
the video player unit 170. The window information men-
tioned here that matches the operation is, if replay of the
video is in execution, an operation of communicating the
video to the display unit 42; and is, if stop is selected, an
operation of communicating a video stop window to the
display unit 42.

[0050] The model alteration pattern information 32 is
information in which an alteration category and an altera-
tion content are associated with each other.

[0051] The model alteration pattern information 32 is a
group of data for classifying the revision history within the
model version control information 31. The group of data
mentioned here for classifying the revision history is, for
example, if the classification pattern is code readability
improvement, data for classifying an alteration such as
alteration of a space or indent and an alteration of a
variable name or function name.

[0052] The replay path pattern information 33 is a
group of data for classifying the replay path within the
version control information 31. For example, if the path is
to replay only an alteration that is essential in the design
stage, the replay path pattern information 33 is used for
adding a block diagram, or for performing path search by
focusing on an alteration amount of a parameter.
[0053] For example, the replay path pattern informa-
tion 33 is used for estimating a replay path for replaying a
history of revision of a subsystem under a particular
condition. The replay path pattern information 33 is in-
formation in which an evaluation axis of an alteration,
namely of a commit, for estimating a replay path is set.
The particular condition will be described later.

[0054] The version control information 31 consists of
files of system models and a group of data of difference
information of system models of the individual revision
histories. For example, the version control information 31
is acquired from the repository 40 of Git being a typical
version control system.

[0055] The manipulation unit 41 is a hardware device
for manipulating the replay target selection unit 120,
replay path selection unit 150, and video player unit
170 in the revision history replay device 100. For exam-
ple, the manipulation unit41 uses a mouse. Note that the
manipulation unit 41 may employ a keyboard, a touch
panel, a touch pad, a track ball, a pen tablet, or any other
pointing device.

[0056] The display unit42 is a hardware device which,
when using the revision history replay device 100, ac-
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cepts information of a display window created by the
display window creation unit 180 and outputs the window
of that information. For example, the display unit 42 uses
adisplay. Note that the display unit42 may usean LCD, a
CRT, or any other display device. Note that CRT stands
for Cathode Ray Tube.

*kk

*** Description of Operations

[0057] Operations of the revision history replay device
100 according to the present embodiment will now be
described. An operation procedure of the revision history
replay device 100 corresponds to the revision history
replay method. A program that implements the opera-
tions of the revision history replay device 100 corre-
sponds to the revision history replay program.

[0058] Fig. 2is a flowchart illustrating a process of the
revision history replay device 100 according to the pre-
sent embodiment.

< Data Acquisition Process: S101 >

[0059] In step S101, the data acquisition unit 110 ac-
quires the version control information 31 of the model
from the repository 40. The version control information 31
includes a revision history of the model having a sub-
system.

[0060] Specifically, the user uses the revision history
replay device 100 to select a model whose video is to be
replayed. The data acquisition unit 110 acquires the
version control information 31 corresponding to the se-
lected model from the repository 40. Also, the data ac-
quisition unit 110 outputs the version control information
31 of the acquired model to the display unit 42 via the
display window creation unit 180.

< Replay Target Selection Process: S 102 >

[0061] InstepS102,the replay targetselectionunit120
causes the subsystem to be selected from the model, and
extracts a revision history corresponding to the subsys-
tem from the version control information 31.

[0062] Specifically, the user checks the display unit 42
displaying the model version control information 31.
Then, the user selects the subsystem whose video is
to be created, from the display unit 42 via the manipula-
tion unit 41.

[0063] Fig. 3 is a diagram illustrating a model display
example according to the present embodiment.

[0064] Fig.4isadiagramillustrating a display example
of the model version control information 31 according to
the present embodiment.

[0065] Fig. 3 displays the model selected in step S101,
and illustrates how the replay-target subsystem is se-
lected by the user. Specifically, Fig. 3 displays how "vec-
tor control" which is a subsystem is selected from "a
function model of control software to be installed in a
microcomputer” which is a model.
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[0066] Fig. 4 displays a revision history of the subsys-
tem selected in Fig. 3. In Fig. 4, each alteration is ex-
pressed by acircle. The alteration expressed by the circle
is called a commit.

< Alteration Category Estimation Process: S103 >

[0067] Instep S103, the alteration category estimation
unit 130 classifies the revision history corresponding to
the subsystem into a category according to an alteration
content, and outputs the category-classified revision
history corresponding to the subsystem, as the alteration
category information 34.

[0068] Specifically, the alteration category estimation
unit 130 classifies the revision history corresponding to
the replay-target subsystem by category with referring to
the model alteration pattern information 32. For example,
if the revision history corresponding to the replay-target
subsystem includes an alteration, namely a commit, that
mainly aims to correct code readability, the alteration
category estimation unit 130 classifies this commit into
a readability improvement category. The alteration cate-
gory estimation unit 130 synthetizes the commit with the
model version control information 31 by color coding in
accordance with the category, and outputs the synthesis
result to the display window creation unit 180.

[0069] Fig. 5 is a diagram illustrating a configuration
example of the model alteration pattern information 32
according to the present embodiment.

[0070] In the model alteration pattern information 32,
the category and the alteration content are associated
with each other.

[0071] The alteration category estimation unit 130
classifies the revision history corresponding to the sub-
system into the category according to the alteration con-
tent on a basis of the model alteration pattern information
32. That is, the alteration category estimation unit 130
classifies the revision history corresponding to the sub-
system by automatic estimation by category with refer-
ring to the model alteration pattern information 32.
[0072] In the automatic estimation, a technique such
as deep learning may be used.

[0073] In the model alteration pattern information 32,
what alteration is classified into what category is defined
in advance.

[0074] Forexample, if the revision history correspond-
ing to the subsystem includes an alteration that mainly
aims to correct code readability, the alteration category
estimation unit 130 classifies that alteration into the read-
ability improvement category. Then, the alteration cate-
gory estimation unit 130 color-codes the commit of the
revision history corresponding to the subsystem by ca-
tegory.

[0075] More specifically, on a basis of the model altera-
tion pattern information 32, if the revision history corre-
sponding to the subsystem includes a commit with an
alteration content such as "unification of model descrip-
tion style", the alteration category estimation unit 130
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classifies this commit as belonging to the "readability
improvement” category.

[0076] Fig.6isadiagramillustrating a display example
of the alteration category information 34 by an alteration
category estimation process according to the present
embodiment.

[0077] Fig.6illustrates the alteration category informa-
tion 34 in which the revision history corresponding to the
subsystem is color-coded by the alteration category es-
timation process in accordance with the category.
[0078] In Fig. 6, a commit of the revision history corre-
sponding to the subsystem is color-coded under either a
"control function alteration" category or the "readability
improvement" category.

< Alteration Path Estimation Process: S104 >

[0079] In step S 104, the replay path estimation unit
140 estimates areplay path per category on a basis of the
revision history corresponding to the subsystemandon a
basis of the alteration category information 34, and out-
puts replay path information obtained by the estimation.
[0080] Specifically, the replay path estimation unit 140
estimates the replay path per category with referring to
the revision history corresponding to the subsystem, the
alteration category information, and the replay path pat-
tern information 33. Out of the alteration category infor-
mation, the replay path estimation unit 140 extracts only
commits of a subsystem classified into one category. For
example, the replay path estimation unit 140 extracts
only commits in the revision history corresponding to a
subsystem classified into alteration of the control func-
tion. Hence, the replay path estimation unit 140 can
estimate a replay path where only the control function
has been altered.

[0081] The replay path estimation unit 140 also eval-
uates each alteration, namely each commit, of the revi-
sion history corresponding to the subsystem on a basis of
the replay path pattern information 33, so that a replay
path including an alteration point essential for under-
standing the intension of the design can be estimated
per category.

[0082] The replay path pattern information 33 is used
when estimating the replay path under a particular con-
dition. The replay path pattern information 33 includes
information in which an evaluation axis of an alteration,
namely a commit, in estimating the replay path is set.
[0083] The replay path pattern information 33 has, as
data, an evaluation axis or pattern used when executing
estimation of a replay path by focusing on the alteration
category among commits of the subsystem. The replay
path pattern information 33 may include a definition as to
what alteration, namely what commit, is essential in the
category as a replay path of a video.

[0084] The replay path estimation unit 140 automati-
cally estimates a replay path that includes an alteration
essential for understanding the intension of the design,
by referring to the replay path pattern information 33 and
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the alteration category information.

[0085] This automatic estimation may employ a tech-
nique such as deep learning.

[0086] A more specific description will be made below
on a method of estimating a replay path including an
alteration point essential for understanding the intension
of the design per category, with using the replay path
pattern information 33.

[0087] Basically, a particular commit categorized by
the alteration category information 34 is extracted, so it
is possible to recommend to the user a replay path that
facilitates communication of the intension of an altera-
tion. However, under a particular condition as follows, the
replay path estimation unit 140 estimates a replay path
with using the replay path pattern information 33.

(1) A case where a recommendable replay path
cannot be determined uniquely when a particular
commit is extracted.

(2) A case where a function defined once is altered
and then restored to the originally defined function.

[0088] Fig.7isadiagramillustrating an example under
a particular condition where the replay path estimation
unit 140 according to the present embodiment estimates
a replay path with using the replay path pattern informa-
tion 33.

[0089] The above case (1) will be described.

[0090] Forexample, assume that commits categorized
as "alteration of a control function" exist among commits
of a fan control apparatus B over a plurality of paths, as
illustrated in Fig. 7. In this case, the replay path pattern
information 33 is used in estimating one path.

[0091] For example, the replay path pattern informa-
tion 33 has a preset content "determination cannot be
made uniquely, estimate a replay path having fewer
commits". The replay path estimation unit 140 estimates
a replay path uniquely in accordance with the above
content in the replay path pattern information 33.
[0092] Fig. 8 is a diagram illustrating another example
under the particular condition where the replay path
estimation unit 140 according to the present embodiment
estimates a replay path with using the replay path pattern
information 33.

[0093] For example, assume that a content that has
been altered to "define function of X as A" by commit 1 of
the fan control apparatus B is altered into "alter function of
X to B" by commit 2, as illustrated in Fig. 8. In this case, if
the altered contentis altered by commit 3 to "alter function
of Xto A", the function of X is restored to A. In this manner,
when a commit of a particular category "alteration of the
control function" is extracted on a basis of the alteration
category information 34, a replay path including these
commits 1 to 3 is estimated. If, however, the function X
does not change between commit 1 and commit 3, pre-
senting a change may undesirably interfere with the
user’s understanding the intension of model alteration.
Hence, by using the replay path pattern information 33, it
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is possible to estimate a path that is easier for the user to
understand.

[0094] For example, the replay path pattern informa-
tion 33 has a preset content "when a function defined
once is altered and restored to the originally defined
function, omit intermediate commits (commits 2 and 3
of Fig. 8)". The replay path estimation unit 140 estimates
areplay path in accordance with the above contentin the
replay path pattern information 33.

[0095] The replay path pattern information 33 has pre-
set evaluation axes of commits of a replay path that
should be avoided, and preset evaluation axes of com-
mits of a replay path that should be selected.

[0096] The evaluation axes ofthe commits of the replay
path that should be avoided are as follows.

¢ Many commits are involved. As a content (function
and interface) which the video finally reaches stays
the same, the fewer the commits, the better.

*  Fewcommits areinvolved. When a plurality of altera-
tions are made in one commit, the replay path looks
simplified but a leap in logic becomes large. Then,
the design intention becomes elusive.

[0097] To facilitate understanding of the design inten-
tion, a replay path that includes the following commits
should be selected. The evaluation axes of the commits
of the replay path that should be selected are as follows.

* Many comments, namely, many explanations, con-
cerning functions are involved.
* Many action results or action logs are involved.

[0098] When evaluation of each commit and evalua-
tion of each replay path (total evaluation of all commits to
be selected from) are performed with referring to the
evaluation axes of the commits that should be avoided
and the evaluation axes of the commits that should be
selected, itis possible to estimate a good replay path and
a bad replay path.

[0099] Furthermore, the replay path estimation unit
140 synthesizes replay path information obtained by
estimation with the model version control information
31 by color coding, and outputs the synthesis result to
the display window creation unit 180.

[0100] Specifically, as the replay path information, a
plurality of replay paths are displayed by the display
window creation unit 180. For example, as the replay
path information, a replay path of control function altera-
tion and a replay path of readability improvement are
displayed.

< Alteration Path Selection Process: S105 >

[0101] In step S105, the replay path selection unit 150
causes areplay path for replaying a history of revision ofa
subsystem, to be selected from the replay path informa-
tion accepted from the replay path estimation unit 140.
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[0102] Specifically, the replay path selection unit 150
accepts a replay-target replay path selected by the user,
with the manipulation unit41. The user checks the display
unit 42 displaying the model version control information
31, and selects a path that replays the video, from the
model version control information 31 through the manip-
ulation unit 41.

[0103] Fig.9isadiagramillustrating a display example
of an alteration path estimation process according to the
present embodiment.

[0104] Fig. 9 illustrates a replay path in the category
"control function alteration".

[0105] The replay path selection unit 150 may have a
function according to which the user moves a start posi-
tionand an end position so as to designate the replay path
in more detail, as illustrated in Fig. 9.

< Video Creation Process: S106 >

[0106] InstepS160,the video creation unit 160 creates
avideo that replays a history of revision of the subsystem
on a basis of the revision history corresponding to the
subsystem. Specifically, the video creation unit 160 cre-
ates a video that replays a history of revision of the
subsystem along the replay path.

[0107] The video creation unit 160 extracts alterations
in parameters and diagrams in each commitwith referring
to the accepted replay path revision history, and creates
revision history window information of each commit. The
video creation unit 160 also creates a video with referring
to the revision history window information of each com-
mit. Furthermore, the video creation unit 160 creates a
seek bar with referring to the accepted alteration cate-
gory information and the replay path. In addition, the
video creation unit 160 outputs the created video and
the created seek bar to the video player unit 170 as video
information. In addition, the video creation unit 160 ex-
tracts an action, an action log, and an action resultimage
which are included in the replay path revision history, with
referring to the replay path revision history and the altera-
tion category information. The action mentioned here is
extracted with referring to logs such as execution of a
simulation, code generation, and test generation which
are included in the replay path revision history.

< Video Player Process: S107 >

[0108] Instep S170, the video player unit 170 accepts
vide information from the video creation unit 160. The
video player unit 170 also instructs the display window
creation unit 180 to display a video player window.
Furthermore, the video player unit 170 accepts replay
button information from the manipulation unit 41 and
instructs the display window creation unit 180 to replay
the video. Specifically, the user checks the display unit42
which displays the video player window, and depresses a
replay button or stop button in the window so as to replay
or stop the video via the manipulation unit 41. Also, the
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video player unit 170 accepts seek bar movement infor-
mation from the manipulation unit 41 and instructs the
display window creation unit 180 to replay the video.
[0109] Fig. 10is a diagram illustrating a display exam-
ple of a video at the display unit 42 according to the
present embodiment.

[0110] In Fig. 10, broken-line speech balloons are
speech balloons for explaining destinations of arrows.
[0111] Also, in Fig. 10, a subsystem "vector control" is
decomposed into a process "speed control" and a pro-
cess "current control". The "speed control" and "current
control" are also called subsystems of the subsystem
"vector control".

[0112] Fig. 10 illustrates a video in which a speech
balloon "*contents of alteration of overall parameter”
and a speech balloon "*contents of alteration of block
parameter" are changing from time to time in accordance
with a position on the seek bar. The speech balloon
"*contents of alteration of overall parameter” includes
contents "step type" and "data type". The speech balloon
"*contents of alteration of block parameter" includes
contents "type of subsystem" and "param1".

[0113] The display unit 42 displays a video part on the
left half and an information display part on the right half.
The information display part on the right half presents an
action log or an action result image as they are changing
from time to time in accordance with the position on the
seek bar.

[0114] When an outline of the system model is com-
pleted, roughly, the contents of the speech balloons in the
video are changing.

[0115] When the outline of the system model is not
completed, there is a possibility that "speed control" or
"current control" in "vector control" does not exist in the
firstplace. There is also a possibility that another function
such as "torque control" is incorporated in "vector con-
trol". In that case, generation and disappearance of such
subsystem ("speed control" or "current control") of the
subsystem may be expressed in the video.

[0116] Inthis manner, Fig. 10 presents a video in which
all of the contents listed on the display unit42 (subsystem
of subsystem, contents of speech balloons, and inputand
output (target value of rotation frequency, observation
value of rotation frequency)) are changing.

[0117] The contents listed on the display unit 42 will be
described below.

[0118] The display unit 42 displays the video along a
designated replay path. The video employs the speech
balloon to express in detail a portion where alteration took
place in the subsystem, that is, a difference between
commits. In Fig. 10, speech balloons show "*alteration
of overall parameter" and a speech balloon "*alteration of
block parameter”.

[0119] Thereplay buttonis a button to replay the video.
[0120] The stop button is a button to temporarily stop
the video.

[0121] The seek bar shows a designated replay path of
a designated subsystem by color coding on a basis of an
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alteration category. When the user clicks an arbitrary
portion of the seek bar, the video is replayed from a
relevant commit portion.

[0122] Actions are displayed above the seek bar. The
actions are placed above the seek bar at positions cor-
responding to positions of the commits. The actions are
displayed in colors in order to directly express contents
concerning the actions.

[0123] Fig. 10 shows an action of simulation execution,
an action of code generation, and an action of test gen-
eration.

[0124] Simulation execution is an action of checking
whether, for example, each circuit operates normally in
carryout out development using a system model, by
using a waveform of a simulation in case of circuit design.
Concerning execution of simulation, information on
whether simulation is executed or not and a result of
the execution (waveform of the simulation and the like)
are given to each commit of the version control informa-
tion 31, and are displayed.

[0125] Code generation and test generation are ac-
tions of performing code generation and test generation
in carrying out development using a system model, on a
basis of contents designed with the system model, and
incorporating the codes and tests into a real machine and
operating the real machine actually, thereby performing
verification. Information on whether code generation and
test generation are performed or not and a result of the
generation (code generation (test generation) report) are
given to each commit of the version control information,
and are displayed.

[0126] As the action log, a log of implementation of the
above action is displayed.

[0127] As the action result image, the result of imple-
mentation of the above action is displayed with a simpli-
fied format.

*** Description of Effect of Present Embodiment ***

[0128] As described above, with the revision history
replay device according to the present embodiment, the
data acquisition unit acquires a model revision history
from the version control information, and the replay target
selection unit causes a subsystem whose video is to be
created, to be selected. Also, the video creation unit
creates a video from a revision history corresponding
to the selected subsystem. The created video enables
the user to have a time-series bird’s-eye view of how the
model has been altered. As a result, a person other than
the designer of the model can also recognize the inten-
sion of alteration by the designer easily from the revision
history of the model.

[0129] With the revision history replay device accord-
ing to the present embodiment, a replay path along which
avideo s to be replayed can be selected from the revision
history of the model by the replay path selection unit. By
selecting the replay path, the user can specify arange he
or she wishes to watch out of the video. This facilitates
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specifying an essential alteration portion of the model
revision history from the video.

[0130] With the revision history replay device accord-
ing to the present embodiment, when the user manipu-
lates a created video with the video player unit, the user
manipulates the video. Hence, the user can replay and
stop the video, can manipulate the seek bar, and can
display an action content. This facilitates specifying an
essential alteration portion of the model revision history
from the video.

[0131] With the revision history replay device accord-
ing to the present embodiment, when classifying the
model revision history information in accordance with
the alteration contents by the alteration category estima-
tion unit, the model revision history information is classi-
fied by category of the alteration contents. Hence, the
user need not check the alteration content of each altera-
tion point. This facilitates specifying an essential altera-
tion portion from the model revision history information.
[0132] With the revision history replay device accord-
ing to the present embodiment, when estimating the
replay path information in accordance with the alteration
contents by the replay path estimation unit, the replay
paths are classified by alteration category and by parti-
cular subsystem. This facilitates the user to identify a
replay path, soitis easy to identify an essential alteration
portion from the model revision history information from
the video.

*** Other Configurations ***
< Modification 1 >

[0133] Description has been made above concerning
classifying the revision history of the subsystem in ac-
cordance with the alteration contents by using the altera-
tion category estimation unit of step S106. Estimation by
the alteration category estimation unit need not be per-
formed in the above manner. For example, extraction of a
model function alteration using a technique of equiva-
lence checking may be employed.

< Modification 2 >

[0134] Description has been made above concerning
estimating the replay path information in accordance with
the alteration contents. Estimation by the replay path
estimation unit need not be performed by using the
alteration category information. In this case, the replay
path estimation unit may accept the revision history
corresponding to the selected subsystem from the replay
target selection unit, and may extract a particular function
in the subsystem, thereby estimating the replay path
information.

< Modification 3 >

[0135] Inthe present embodiment, the functions of the
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data acquisition unit 110, replay target selection unit 120,
alteration category estimation unit 130, replay path esti-
mation unit 140, replay path selection unit 150, video
creation unit 160, video player unit 170, and display
window creation unit 180 are implemented by software.
According to a modification, the functions of the data
acquisition unit 110, replay target selection unit 120,
alteration category estimation unit 130, replay path esti-
mation unit 140, replay path selection unit 150, video
creation unit 160, video player unit 170, and display
window creation unit 180 may be implemented by hard-
ware.

[0136] Specifically, arevision history replay device 100
is provided with an electronic circuit 909 in place of the
processor 910.

[0137] Fig. 11isadiagramillustrating a configuration of
a revision history replay device 100 according to a mod-
ification of the present embodiment.

[0138] The electronic circuit 909 is a dedicated elec-
tronic circuit that implements the functions of the data
acquisition unit 110, replay target selection unit 120,
alteration category estimation unit 130, replay path esti-
mation unit 140, replay path selection unit 150, video
creation unit 160, video player unit 170, and display
window creation unit 180. The electronic circuit 909 is
specifically a single circuit, a composite circuit, a pro-
grammed processor, a parallel-programmed processor,
alogiclC,aGA, an ASIC, oran FPGA. Note GA stands for
Gate Array, ASIC for Application Specific Integrated Cir-
cuit, and FPGA for Field-Programmable Gate Array.
[0139] The functions of the data acquisition unit 110,
replay target selection unit 120, alteration category esti-
mation unit 130, replay path estimation unit 140, replay
path selection unit 150, video creation unit 160, video
playerunit 170, and display window creation unit 180 may
be implemented by one electronic circuit, or by a plurality
of electronic circuit by distribution.

[0140] According to another modification, some of the
functions of the data acquisition unit 110, replay target
selection unit 120, alteration category estimation unit
130, replay path estimation unit 140, replay path selec-
tion unit 150, video creation unit 160, video player unit
170, and display window creation unit 180 may be im-
plemented by an electronic circuit, and the remaining
functions may be implemented by software. Also, some
or all of the functions of the data acquisition unit 110,
replay target selection unit 120, alteration category esti-
mation unit 130, replay path estimation unit 140, replay
path selection unit 150, video creation unit 160, video
player unit 170, and display window creation unit 180 may
be implemented by firmware.

[0141] The processorand the electronic circuitare also
called processing circuitry. That is, the functions of the
data acquisition unit 110, replay target selection unit 120,
alteration category estimation unit 130, replay path esti-
mation unit 140, replay path selection unit 150, video
creation unit 160, video player unit 170, and display
window creation unit 180 are implemented by processing
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circuitry.

[0142] In above Embodiment 1, the individual units of
the revision history replay device are explained as in-
dependent function blocks. However, the revision history
replay device need not have a configuration like that of
the above embodiment. The function blocks of the revi-
sion history replay device may constitute any configura-
tion as far as they can implement the functions described
in the above embodiment. The revision history replay
device need not be formed of one device but may be a
system constituted of a plurality of devices.

[0143] A plurality of portions of Embodiment 1 may be
practiced by combination. Alternatively, one portion of
this embodiment may be practiced. Individual portions of
this embodiment may be practiced by any combination
entirely or partly.

[0144] Thatis,in Embodiment 1, the individual portions
can be combined as desired; arbitrary constituent ele-
ments of this embodiment can be modified; or arbitrary
constituent elements of this embodiment can be omitted.
[0145] The embodiments described above are an es-
sentially preferred exemplification and is not intended to
limit the scope of the present disclosure, the scope of
applied products of the present disclosure, and the scope
of usage of the present disclosure. Various changes can
be made in the embodiments described above as neces-
sary. For example, procedures explained with using flow-
charts or sequence diagrams may be changed appro-
priately.

Reference Signs List

[0146] 31: version control information; 32: model al-
teration pattern information; 33: replay path pattern in-
formation; 34: alteration category information; 40: repo-
sitory; 41: manipulation unit; 42: display unit; 100: revi-
sion history replay device; 110: data acquisition unit; 120:
replay target selection unit; 130: alteration category es-
timation unit; 140: replay path estimation unit; 150: replay
path selection unit; 160: video creation unit; 170: video
player unit; 180: display window creation unit; 190: sto-
rage unit; 909: electronic circuit; 910: processor; 921:
memory; 922: auxiliary storage device; 930: input inter-
face; 940: output interface; 950: communication device.

Claims
1. A revision history replay device comprising:

a data acquisition unit to acquire version control
information including: a model having informa-
tion of a subsystem; and a revision history of the
model;

a replay target selection unit to cause a subsys-
temto be selected from the model, and to extract
a revision history corresponding to the subsys-
tem from the version control information;
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a video creation unit to create a video that re-
plays a history of revision of the subsystem on a
basis of the revision history corresponding to the
subsystem; and

a display window creation unit to display the
video.

2. Therevision history replay device according to claim

1, comprising

a replay path selection unit to cause a replay
path for replaying the history of revision of the
subsystem, to be selected on a basis of the
revision history corresponding to the subsys-
tem,

wherein the video creation unit creates the video
that replays the history of revision of the sub-
system along the replay path.

The revision history replay device according to claim
2, comprising
a video player unit to manipulate the video.

The revision history replay device according to claim
2 or 3, comprising:

an alteration category estimation unit to classify
the revision history corresponding to the sub-
systeminto a category according to an alteration
content, and to output the category-classified
revision history corresponding to the subsystem
as alteration category information; and
areplay path estimation unit to estimate a replay
path per category on a basis of the revision
history corresponding to the subsystem and
on a basis of the alteration category information,
and to output replay path information obtained
by the estimation,

wherein the replay path selection unit causes a
replay path for replaying the history of revision of
the subsystem, to be selected from the replay
path information.

The revision history replay device according to claim
4, which stores, in a storage unit, model alteration
pattern information in which the category and the
alteration content are associated with each other,
wherein the alteration category estimation unit clas-
sifies the revision history corresponding to the sub-
system into the category according to the alteration
content on a basis of the model alteration pattern
information.

The revision history replay device according to claim
4 or 5, which stores, in a storage unit, replay path
pattern information used for estimating the replay
path for replaying the history of revision of the sub-
system under a particular condition, the replay path
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pattern information including an evaluation axis of
each alteration of the revision history corresponding
to the subsystem,

wherein the replay path estimation unit evaluates
each alteration of the revision history corresponding
to the subsystem with using the replay path pattern
information, thereby estimating a replay path includ-
ing an alteration for understanding an intension of
design per category.

A revision history replay method comprising:

by a computer, acquiring version control infor-
mation including: a model having information of
a subsystem; and a revision history of the model;
by the computer, causing a subsystem to be
selected from the model, and extracting a revi-
sion history corresponding to the subsystem
from the version control information;

by the computer, creating a video that replays a
history of revision of the subsystem on a basis of
the revision history corresponding to the sub-
system; and

by the computer, displaying the video.

8. A revision history replay program which causes a

computer to execute:

a data acquisition process of acquiring version
control information including: a model having
information of a subsystem; and a revision his-
tory of the model;

a replay target selection process of causing a
subsystem to be selected from the model, and
extracting a revision history corresponding to
the subsystem from the version control informa-
tion;

a video creation process of creating a video that
replays a history of revision of the subsystem on
a basis of the revision history corresponding to
the subsystem; and

a display window creation process of displaying
the video.
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